A new one-dimensional (1D) coordination polymer, [Pb 2 (psa)(phen) 2 (NO 3 ) 2 ] n , has been synthesized by the method of hydrothermal reaction and characterized by elemental analysis, FT-IR and X-ray single-crystal diffraction (where H 2 psa is phenylsuccinic acid and phen is 1,10-phenanthroline). The single-crystal X-ray analysis showed that the complex has a dinuclear core stabilized by bridging phenylsuccinic acids and nitrate anions. The coordination number of the two Pb(II) atoms are 7 and 6, with the stereochemically active lone pair, resulting in the hemidirected geometry for the complex. The complex contain a 1D chain, which is further extended into twodimensional supramolecular architecture through hydrogen bonds, C-H· · ·π, and π· · ·π interactions.
Introduction
The crystalline functional coordination polymers (CPs), as a prominent representative of inorganic-organic hybrid coordination complexes, have attracted more and more research interest due to their potential applications in many fields (Janiak, 2003; Della Rocca et al., 2011; Sava et al., 2012; Suh et al., 2012; Nandasiri et al., 2016; Wang et al., 2016; Zhao et al., 2017) . Based on the CPs, two-dimensional (2D) and three-dimensional (3D) architectures (Derakhshandeh et al., 2016; Nicasio et al., 2017) can be easily formed by noncovalent interactions. In our laboratory, CPs were usually constructed by bridging aromatic acids, such as 4-sulfobenzoate dianion Zhu, 2006, 2008a,b; Cheng et al., 2013) , 4-aminobenzenesulfonate (Cheng et al., 2014) , and salicylic acid (Shi et al., 2015) . Now, we use the aliphatic phenylsuccinic acid (H 2 psa) as bridging ligand to synthesize CPs.
Phenylsuccinic acid as a flexible dicarboxylic acid exhibits a phenyl ring side group, which may be modulated and influence the coordination abilities of the two carboxylate groups. In recent years, phenylsuccinic acid was often used as an asymmetric bridging ligand to synthesize interesting CPs (Zhou et al., 2007; Thuéry 2009; Zhang et al., 2010; Hao et al., 2012; Wu et al., 2013; Hu et al., 2013; Li et al., 2014; Gomez et al., 2015 Gomez et al., , 2016 . The lead (II)  atom with a 4f   14   5d   10   6s 2 electronic configuration exhibits flexible coordination modes (García-Granda et al., 1993; Ying and Mao, 2004; Zhang et al., 2005; Du et al., 2006; Miao and Zhu, 2008; Zhang and Zhu, 2008a; Jin et al., 2010; Li et al., 2012) , and is able to bind to various ligands. Moreover, Pb II complexes display holodirected or hemidirected geometries due to the presence of the 6s 2 electron pair . In the past decades, 1,10-phenanthroline, the auxiliary ligand, is frequently applied as an excellent bidentate chelating ligand not only because of its good coordination ability with metal atoms but also because of its applications in constructing 2D or 3D architectures by noncovalent interactions such as hydrogen bonds and π-π stacking (Sharma et al., 2009; Balboa et al., 2011) . To synthesize novel complexes, we introduced 1,10-phenanthroline into the system of Pb II /H 2 psa. Finally, the new compound, [Pb 2 (psa)(phen) 2 (NO 3 ) 2 ] n , was obtained. Herein, we report the preparation and structure of the complex.
Results and discussion
Single-crystal X-ray diffraction analysis revealed that the compound crystallizes in the triclinic system, P1 ̅ space group. The asymmetric unit consists of two Pb(II) ions, one deprotonated psa, two 1,10-phenanthroline ligands, and two NO 3 − ligands. The two Pb(II) ions were linked by psa using its four carboxyl oxygen atoms, simultaneously bridged by one NO 3 − ligand in tridentate chelating/bridging mode. The double bridge fashion for nitrate ligand is rarely observed among the Pb(II) complexes ( Alizadeh and Amani, 2011) . Thus, a one-dimensional (1D) CP was constructed (Figure 1 ). In this complex, the two Pb(II) atoms adopt different coordination environments with two crystallographically distinct Pb centers. The Pb1 atom is coordinated by two oxygen atoms from one psa ligand, three oxygen atoms from two nitrate ligands, and two nitrogen atoms from one 1,10-phenanthroline ligand (Figure 1 ) with the Pb1 atom lying in an irregular heptacoordinated environment, whereas the Pb2 atom has a distorted hexa-coordinated geometry (Figure 1 ), completed by two nitrogen atoms from one 1,10-phenanthroline ligand, three oxygen atoms from two psa ligands, and one oxygen atom from nitrate ligand. The 6s 2 lone pair electrons for Pb1 and Pb2 ions are stereochemically active, and the direction of the Pb-N and Pb-O bonds is not uniformly distributed through the entire sphere surrounding the lead atom, and there is a significant gap trans to the chelating 1,10-phenanthroline ligand in the lead coordination sphere, suggesting that the coordination around the two lead(II) atoms is hemidirected (Shimoni-Livny et al., 1998; Janiak et al., 2000) (Figure 1 ). As listed in Table 1 , the Pb-O distances are in the range of 2.375(5)-2.944(11) Å, which are close to the values in those previously reported complexes (Fan and Zhu, 2007; Zhang and Zhu, 2008a; Gabriel et al., 2011; Cheng et al., 2013) . The Pb1-N distances of 2.448(6) and 2.482(7) Å are slightly shorter than the Pb2-N distances of 2.511(6) and 2.519(6) Å, but all are typical values and comparable with those published Pb II complexes coordinated by 1,10-phenanthroline ligand (Fan and Zhu, 2006; Li et al., 2010; Yi et al., 2011; Cheng et al., 2013 Cheng et al., , 2014 . In this compound, three types of noncovalent interactions are found: (1) two intramolecular C-H· · ·O hydrogen bonds ( Figure 2 ; Table 2) Table 2 ) is also observed between 1,10-phenanthroline and psa ligand, which links the adjacent polymer chains into a 2D network; (2) intermolecular C-H· · ·π interactions (Janiak, 2000; Nishio, 2011) 1 + x, y, z) . Therefore, the 1D polymer chain was stabilized by intramolecular C-H· · ·O hydrogen bonds, which was extended into 2D network by intermolecular C-H· · ·O hydrogen-bonding interaction, C-H· · ·π and π-π interactions.
Experimental section
All materials were commercially available and were of reagent grade. A mixture of Pb(NO 3 ) 2 (0.25 mmol, 0.0825 g), 1,10-phenanthroline (0.25 mmol, 0.0495 g), phenylsuccinic acid (0.25 mmol, 0.0485 g) and distilled water (15 mL) was sealed in a 25 mL Teflon reactor. The mixture was heated at 130°C for 12 h. Then, the reactor was cooled to room temperature. After filtration, the resulting pale yellow filtrate was allowed to stand at room temperature and evaporate for 1 day. , 2858w, 1624w, 1535s, 1377s, 1223m, 1146m, 1095m, 1038w, 937w, 852m, 721m, 671m, 636m, 552w , and 505w.
X-ray crystallography
The X-ray diffraction data collection was performed on a computercontrolled Bruker APEX-II CCD diffractometer equipped with graphite-monochromated Mo-Ka radiation with radiation wavelength 0.71073 Å. Multiscan absorption corrections were made using SAD-ABS program (Sheldrick, 1997) . All the structures were solved by direct methods and refined by full-matrix least-squares on F 2 using SHELXL-2014 (Sheldrick, 2015) . Computations on the noncovalent interactions were carried out with PLATON for Windows (Spek, 2008) . Selected interatomic distances and angles are given in Table 1 . Detailed crystal data and structure refinement is listed in Table 3 . Crystallographic data have been deposited with the Cambridge Crystallographic Centre as supplementary publication number CCDC-1554821.
